Introduction
In Brazil, the most used raw material for ethanol production comes from sugarcane (Saccharum spp.). Sugarcane juice and molasses, residue from sugar production, are the main materials used in the mash preparation for ethanolic fermentation. The biochemical process is performed by yeasts (Saccharomyces cerevisiae), which transform mash sugars coming from the juice or molasses into ethanol (Dashko et al., 2014) . Then, the wine obtained is subjected to the distillation process, in which hydrated ethanol (used in flexfuel vehicles) and anhydrous (used in mixture with gasoline) are produced (Chum et al., 2014) .
Prior to distillation, part of the yeasts are separated from the wine and subjected to treatment for recovery and reuse in a new fermentation process and this procedure is performed over the entire crop. One of the actions in the treatment is the dilution of the yeast, which aims to reduce the effects of substances, like ethanol itself, that cause toxicity to the yeast. Another action is the pH reduction to 2.5 using sulfuric acid in an attempt to reduce the main fermentation problem, which is bacterial contamination (Basso et al., 2014) . Contamination may come from the quality of the raw material, the dilution water used in the mash and the industry itself through pipes and pieces of equipment exposed to microorganisms (Oliveira et al., 2013) . The presence of unwanted microorganisms can affect the process through consumption of sugar, decrease of yeast cell viability due to the toxins secreted by bacteria in the medium, yeast flocculation, which causes loss of yeast cells at the bottom of the vat or in the centrifuge, and decrease in industrial yield (Muthaiyan et al., 2011) . Furthermore, there is the formation of gums and biofilms, which increase juice viscosity and cause operational problems in the plant (Skinner-Neme et al., 2007) , reducing the efficiency of ethanol production.
When contamination values exceed the acceptable levels and the usual yeast treatment is not sufficient to the control, industry uses antimicrobials to the combat, such as antibiotics (Muthaiyan et al., 2011) . Many, as Kamoran®, are employed with relative level of success in reducing contamination (Leite et al., 2013) . However, this method leaves residues in yeasts discarded from the process, which go through the drying process, and can no longer be used as a supplement in animal feed (Olmstead, 2012) . Dry yeasts, which had antibiotic usage history, should be incinerated and the plant fails to obtain economic gains with this byproduct.
In this context, the study of other control methods in the treatment of yeast arises, which are antimicrobials popularly known as biocides, which are natural substances used as an alternative to antibiotics. As an example, hop extract, propolis, grapefruit and others that have been studied and show relative efficiency in contamination control. Hop extract seems to be, so far, the most efficient among the possibilities (Caetano & Madaleno, 2011) .
A promising biocide could be oregano oil (OEO), which has a recognized action on bacteria (Silva et al., 2010) . During fermentation, used in optimal dosage, it could favor bacteria control and preserve yeast. OEO contains mostly carvacrol, a phenolic compound known for its anti-infective properties of broad spectrum, which makes it a very effective antibacterial agent (Naturoils, 2014) .
Another contamination control method is the use of chemicals that have known effects on contaminants, such as chlorine dioxide. This substance is a strong oxidant, which has many applications, for example, in gaseous form for bacterial decontamination, and can also be applied to sewage as a disinfectant and inhibitor of algae growth (Lapolli, 2005) and is currently being used by some plants, seeking to reduce contamination. In order to have adequate antimicrobial effect, the agent mash control bacteria and prevent damage to yeast. Most studies focuses on the use of biocides in the treatment of yeast in replacement to antibiotics. However, the study of the application of the methods during fermentation has been little explored. The benefit of the control during the fermentation process would help to reduce the volume of contaminants to the yeast treatment and, thereby, increase ethanol production.
This paper aimed to compare the action of the antimicrobials: hop extract, oregano oil and chlorine dioxide during the fermentation process in mash of sugarcane juice and molasses.
Material and methods
The experiments were conducted in the laboratories on the campus of FATEC Nilo De Stéfani, Jaboticabal-SP. The first study was conducted with the fermentation of the mash prepared from molasses and the second study, using the mash of sugarcane juice, both held in October, during the 2012/2013 harvest. In the third test, we used again mash of molasses, collected in May during the 2013/2014 harvest. All raw materials for mash preparation were obtained in sugar mills of the region of Jaboticabal-SP.
The study was conducted in randomized blocks because in the used shaker (place where the simulation of the fermentation process was performed, with shake and temperature control) there were four spaces, which allowed putting only four erlenmeyers corresponding to the four treatments used in each study. Since there is variation in the quality of raw material used for preparing the mash for each day, the blocks experimental design were used to mitigate the random effect (day of fermentation) and highlight the treatments used.
The design used for all tests was randomized blocks with 5 repetitions. Four treatments were used for the study of antimicrobials. In the first two studies (juice and molasses from the 2012/2013 harvest), control treatment, Kamoran® (3 mg L -1 , according to Química Real (2014)), OEO extracted from leaves (0.5%, according to Silva (2010) ) from brand Mundo dos óleos® (Mundo dos óleos, 2014) and hop (10 mg L -1 , according to Química Real (2014)) were used. In the third experiment, hop extract was replaced by chlorine dioxide (0.15 mg L -1 ) and oregano concentration was also increased to 1%.
For the experiments, it was necessary to dilute molasses and sugarcane juice to 14º Brix. Mash pH was adjusted to 4.5 by adding sulfuric acid (5 N). Then, quality analyses of the mash were performed by determination of total acidity (CTC, 2005) and TRS (total reducing sugars), according to Lane & Eynon (1934) .
For all experiments, compressed yeast (Saccharomyces cerevisiae) in the proportion of 30g L -1 was used. In pre-fermentation, yeast was distributed into four beakers, each containing 50 mL of glucose solution 1%, remaining for an hour, to prepare the yeast. Then, each was subjected to centrifugation (centrifuge Sppencer 80-2b) at 3000 rpm for five minutes. Then, supernatant was removed and yeasts were transferred to erlenmeyer (1L), with washing of the centrifuge tubes using 100 mL of mash.
The following feeds, with 100 mL of mash, were timed every 15 minutes until reaching the total volume of 500 mL. Biocide treatments were added between the penultimate and the last feed. After fifteen minutes from the last feed, samples were taken for feasibility and initial contamination analysis. Then, the containers were taken to benchtop shaking incubator (Shaker CT-712, Cienter). For tests of the 2012/2013 harvest, the incubation temperature was 36 o C and for the fermentation conducted in May 2013, the temperature was 32 o C.
To carry out the fermentation process, feeds with mash were made intermittently, so that yeasts adaptated to the concentration of 14 o Brix and produced fewer side compounds. Then, antimicrobial treatments were placed before the last feed in an attempt to simulate the conditions that would be found in the plant, in which the continuous vat feed is made and the biocide could be added to the end of the feed to combat bacteria during the fermentation process.
For fermentation using the raw sugarcane juice to be completed, measurements of soluble solids concentration have been performed (manual densimeter -saccharimeter), adopting final value lower than 1 o Brix, also accounting the total process time. To the end of the fermentation experiment using molasses as raw material, soluble solids concentration lower than 4°Brix was adopted as final. Then, wine samples (obtained through fermentation process) were collected to verify the viability and final contamination and technological analyses.
The feasibility analysis was performed according to Lee et al. (1981) at the beginning and at the end of fermentation of all tests. Colony counting by plating on Petrifilm system was held to check the contamination (3M do Brasil, 2014) . Bacterial count occurred after forty-eight hours of inoculation at constant temperature of 35 o C, using as tool the magnifying glass (Nova optical Systems XTS -20, Zoom Stereo Microscope).
Analyses of sulfuric acid [g (H2SO4) L -1 ], Total Reducing Sugars (TRS) and Ethanol Content (%) were performed in wine obtained, according to CTC (2005) . The amount of ethanol produced (mL) was calculated taking into account the production of 380 mL of wine (standardized for the three experiments) multiplied by the ethanol content obtained. To calculate fermentation efficiency (%), ethanol produced was divided by ethanol content, according to Fernandes (2006) .
For statistical analysis, variance by F test and comparison of means by Tukey test were performed, according to Banzato & Kronka (2006) .
Results and discussions
Mash of the three experiments were standardized (Table 1) in five test days (blocks) of each study, with the amount of soluble solids ranging from 14 to 14.5 o Brix. Addition of sulfuric acid was performed for lowering the pH to 4.5 in order to favor yeast comparing to bacteria in sugar consumption of mash. High acidity values were found in mash of juice (Table 1) , above 0.8 g (H2SO4) L -1 , which may be indicative of bacterial contamination (Ravaneli et al., 2006) . The presence of high levels of contamination in the mash prepared with juice was beneficial, as it was possible to apply and verify the performance of biocides in the worst process conditions. The same can be observed for the mash prepared with molasses, which presented acidity above 2.5 g (H2SO4) L -1 , also indicating possible high level of contamination.
Total reducing sugars (TRS) values for juice and molasses are within what is commonly found (Souza et al., 2005; Ravaneli et al., 2006) , being the value of juice TRS concentration higher than two types of molasses. This by-product is exhausted in the sugar production process by nutrient removal during juice treatment and by removal of sucrose crystals in sugar production. No nutrient correction was performed in molasses in order to better observe the effect of antimicrobials.
The results presented below are only of those that showed significant difference for F and Tukey test.
Antimicrobial action of Oregano Essential Oil
For the used treatments, soluble solids found in wine were not significant (F=0.1593; P≥0.05) for the mash made from sugarcane juice. However, there was significant difference for molasses in the two harvests, which showed lower soluble solids concentrations for OEO when compared to the control (Figure 1) . The smallest amount of this parameter could be a sign ethanol production increase, as more sugars could have been converted into ethanol. However, the amounts of residual total reducing sugars (RTRS) and ethanol produced were not significantly different between the OEO and control treatment for both tests with molasses. Fermentation time was appropriate for all tests, being faster for the mash of sugarcane juice, which lasted 7h40min, while for the mash of molasses it had an average duration of 8 hours. In the Figure 1 B , it is possible to observe that the final oBrix of fermentation performed in 2013/2014 harvest was slightly higher than in the previous harvest. Probably, the molasses used had more non-fermentable sugars.
Regarding the control of contaminants, we doubled the concentration of oregano oil of the test with mash of molasses from 2012/2013 harvest to 2013/2014, to try to find the appropriate dosage, since OEO has been promising in bacterial control in other processes, as pointed out by the study of Silva (2010) . However, OEO continued to show little antimicrobial activity. Nevertheless, visually, it was observed that there was a significant foam reduction during the fermentation process in all tests (Figures 2 to 4) , indicating that OEO may have antifoaming and/or dispersant action, requiring further studies with tests to confirm this effect. (Figure 6 B) . In this study, Kamoran®, used as positive control, was not efficient in bacterial control, indicating that the dosage used in the study was not enough to contain contamination comparing to the other treatments.
Final contamination was lower for the treatment using hop extract either for mash of sugarcane juice or for molasses ( Figure 6A ), indicating that it is an important agent in the bacteria control, as observed and used for beer production (Caetano & Madaleno, 2011) .
Low contamination is important because, in ethanol production in Brazilian sugar mills, yeast is reused and decreasing bacterial concentration during fermentation allows obtain healthier yeasts, which can possibly increase ethanol production. With only one fermentation cycle, it was not possible to identify the beneficial effects of hop extract in the fermentation efficiency (mash of juice F=0.4856; P≥0.05 and mash of molasses 2012/2013 harvest F=3.1302; P≥0.05). However, studies with more cycles could show higher ethanol production, using hop extract as an antimicrobial agent.
In the third experiment, we decided to replace hop extract by chlorine dioxide, and evaluate the efficiency as contaminant control agent. However, despite showing positive results in means compared to the control treatment, it was not significant for final contamination (F=0.1071; P≥0.05).
Effect of antimicrobials on yeast viability
Initial and final yeast viability did not change significantly in any of the tests (Table 2 and 3), indicating that treatments used at recommended dosages do not eliminate yeast cells from fermentation process.
In the first two tests, there was temperature control at 36 o C, which is high compared to what is recommended for fermentation, which is 32 o C (Della- Bianca et al., 2013) . This simulation was done purposefully, since they are conditions that stimulate the proliferation of bacteria. However, high temperature decreases yeast cell viability, as observed with mash of molasses from 2012/2013 harvest. So, for the 2013/2014 harvest, the correct conduction temperature (32 o C) was used, what helped cell viability to be around 85%, which is the recommended one (Ravaneli et al., 2011) . Even at high temperature, mash of sugarcane juice showed appropriate initial and final viability ( Table 2) .
Possibility of antimicrobial use during the fermentation process
The use of antimicrobials during the fermentation process showed promising results, especially regarding the use of hop extract. However, more studies should be conducted to verify dosages that can further enhance contaminant control. OEO should be better investigated regarding the antifoaming and/or dispersant action. Foam formation in the fermentation step is common and may directly affect the process yield, especially with the release of CO2, which contributes to this phenomenon. Foam excess could cause vat spill. However, these losses can be controlled through the application of antifoamers and dispersants (Venturelli, 2008) . Emulsions of mineral oils and silanized silica are used as antifoamers, and the main oils are polyethers and silicones (Junker, 2007) . With the opening of the international market for ethanol, producers of antifoamers seek biodegradable alternatives not to leave traces in the final product and residues of ethanol production as stillage (Venturelli, 2008) .
For chlorine dioxide, new dosages should be tested, since it showed efficient means, however, with the statistical test employed, there was no difference comparing to the control treatment. The amount of fermentation cycles in further studies should be increased so that the effects of ethanol production efficiency during the fermentation process can be observed.
The dosage of Kamoran® should be increased, since in this study the antibiotic was used as positive effect to compare with biocides. However, it often showed to be very similar to the control treatment itself, with high contamination ( Figure 6A ) and acidity of the wine ( Figure 5 ). This result corroborates information of Brazilian sugar mills themselves that report difficulty in controlling contamination with the dosage of 3 mg L -1 . As it is a commonly used antibiotic, it can be said that possibly there is resistance to the active ingredient, formulated from monensin (Oliveira et al., 1996) .
Conclusions
OEO has no antimicrobial effect in fermentation, on the other hand, it has properties that can be antifoaming and/or dispersant.
Hop extract reduces the final contamination of the fermentation of the mash of sugarcane juice or molasses.
The antimicrobial treatments used do not reduce the viability of yeast cells.
The use of antimicrobials during the fermentation process is promising.
